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The present paper extends .the low-apeed casuetde etudfes to h e  
high Mach Dlllltbera at which modern  axial-flow compressom need to 
operate. It ala0 preeente the limiting Mach ntlmber8 at whiah large 
loeses make compressor operation imprautioable. The effect8 of 
compreseibility 83.6 .evaluated for, the basic design parametere of 
references 1 , t o  3; namely, turning angle, ehape of t h e  pressure 
distribution, and design angle of attack. The investige=tion was made 
in 8 high Mach number tw+-dimemional caaoade tunnel a-b the Langley 
Laboratory #. 
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preesure ooefficient f o r  sonic veloaity at given eater lng 
Mach number 

static  preeswe, pounds per square foot 

dynamic pressme, paunds per  square foot 

temperature, 9 absolute 

r o t ~ t i o n a l  speed of ro to r  element, feet per seuond 

' I  

velocity re$ative to  rotor and to casoe.de sfmulating rotor, 
feet per second 

angle of at-taok, degrees (&e between entering air and. 
chord line of blade) 



p stagger angle, degrees (angle between perpendiouhr t o  
cascade and entextng air) 

y . r a t i o  of speaiflo heats of Etir 
. .  

1 ahead of cascade or ro tor  , 

2 behind oascade. or ro to r  

5 * design oondltion8 

1 l o c a l  
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Description of Blade8 

The blades tested  consisted of three 10-percentct;hick blades, 
the same as those of references 1 and 2, and two 6-percent-thick blades 
derived from NACA 65,2406 airfo i l s  wfth the t r a i l i n g  edge thickened 
8s i n  mference 1. The thick seotiom were cambered for free-air 
l ift  ooefficfents of 0.8, 1.2, and 1.8; the thin  eection, for lift 
coefficients of 0.8 and 1.2. For the pressuredistribution t e s t s ,  
the  t e s t  cascade consisted of four sol id blades and a measter blade 
provided wtth preseure orifices.  For t h e  schlieren 6tudiesJ the 
master blade was replaced by. a f i f t h  solid blade. The blades haye 
a binoh span 8nd a >inch ohord. Ordinates for them blade section0 
are given in tables 1 to 5 and cm8s seotione &re shown i n  figure 2. 

Sohlieren Setup 

The schlieren system used t o  photograph the high-speed flaw 
through  the cascade comisted of a high-intensity spark, two 16-inch 
parabolic mirrore of 90-inch focal length, and a~soc ia ted  equipment. 
The knife edge of the schlieren syatem waa set parallel t o  the 
stagger l i n e  for all tests. Two or three of t he   s e t  of f ive  blades 
were mounted between $ -inch glass plates (measuring approximately 
5 by 7 inches) which replaced seotions of t he  tunnel walls. The 
blades were held in place br short gins f i t t ed  Into holes dri l led  in 
the  g l ~ s s s .  

TESTING M E T E O a  
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The blades were  installed i n  the cascade tunnel a t  the desired 
conditions of etag$er, sol idi ty ,  and angle of at tack wikh the p r e a s m  
blade i n  the center of the  casoade ( f ig .  1). A t  8 Mach number of 
approximately 0.2, the f lex ib le  walls were a d w t e d  until t h e  static 
preseure ahead of the caecade was uniform. ?Ihe speed was then reti8ed 
until further Increases showed no $ncreasa in the static-pressure 
r i s e  ~ O M B B  the oascetile. At intervale during t h i s  process, phot- 
graphs of a percury manamter were taken to reoord the settling- 
chamber preseure, static pres~lures %head of the blades, pre88ures on 
the blade surfme, and atmospherla p r e s e ~ ~ e .  M e  proc~?dUzle was 
repeated for the f ive  blade sections at  the vrqrlous oonditione of 
etagger, solidity, and -le of attack, Schlieren photographs were 
then taken at speeds fram below the c r i t i c a l  speed t o  above the speed 
for maxllmun pressure r i s e  f o r  the varioua t e s t  conditions. Photographe 
of the mercury maaameter were taken eimu1t;aneowly with the schlieren 
photographs t o  recort l  the ohanbeipreseure, statio pmeeure ahead of 
the 'blades, and atmospheric pressure, 

r 
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%e data presented herein are base:,. on entrance conditions 
instexi of mean canditions as fn references 1 aid 2. m a  baee was 
chosen primarily to a i ~ p l i f y  the use of the data an& to permit direct 
application to high-speed-compreaaor deeign for Tjhich the blade -. 

ea.trance,conditions 3 ~ 8  usually known or fixed. The t e a t s  cover 
a range of Mach nuniber from spproximtely 0.30 .f;o 0.95 and come- .- , *  

aponding Reynolds nuribera, based on t h e  bh&e chord,  of 700,000 
$0 1,800,000. 

. The entrance Mach n&er was calculated from the presauree 
measured by. the stiitic-pressure orffices in t he  s e t t l i n g  chaniber snd 
ahead of t h e  cascade. Stagnation temperature w-w assumed to be room ' ' 

temperature (520' F absolute) since t h e  deviations f m m  this value 
were  not .signFficunt. The inflectfoa in -the pressure-ratfo curve . 
is designated  force break an& correspondsta blade stall. . I.. 

As t h e  Mach number entering t h e  cascade increased, the pressure- . . 
ratio 8croeB the.cascade, and &&erefore the derisfty ratio, ala0 
increase&. From the continuity  relations, the exit- axid velocity .' 
component would be exgected t.0 be smaller than entering axid velocity 
eince the axial-flow area is constant. For t h i s  particular t e a t  
setup, however, the -boundary lryers an the U s  were found to modify 
the e x i t  area so that t h e  axid velocitr enter fng and leaving the 
cascade was the same f o r  all tests (fig. 3 ) .  The re su l t e  presented 
am, therefore,  directly  applicable only to the case of bladfngwith 
conetmt axial velocity an& not to blading wlth constant &at-flow 
area. 

In figures 4 to 30, the pressure' &is tributions over the central 
airfoll of the cascade are preaanted f o r  a range of Mach nuder. 
Tim pressures are plotted in the form of pressure coefficients P 
and the c r i t i c e l  pkessure coefficient (.pressure coefficient at W c h  
sonic velocity is  reached at that stream ~ a c h  nmiber) is noted on 



each plot. The low-speed presaure diatribntians are very similar to 
those of reference 1, and i n  figure 5 the pressure dist r ibut ion f r o m  
reference 1 is included for comparison. The blower blades show 
character ls t ics  very similar t o  thoee of the isolated a i r f o i l  be the 
Mach number varies. ' !.my pressure peak8 on ti10 top o r  bottom surfscee 
increjse  rapidly sa the Mach  number increases.  Shortly a f t e r  the 
cr i t ical   pressure  coeff ic lent  l e  exceeded on the alrfoi l  a break in 
the p~.eesure-coeP"cient curve at that poht is noticeable a8 the 
8UperSOniC velocities return tcr subscnfc veloci t ies  through 3. 
shock wave. 

For anglea below tbe design m@.e (the angle at  which the 
preseure dietr ibut ion is easentially uniform or d t h o u t  peaks, 
reference l), the pressure peak on the lower surface usually is the 
first pa r t  of the blade to reach c r i t i c a l  aped, but no s t a l l i n g  is 
noticeable.  (See f ige . 7, 10, 11, snd 23 .) This angle would seem to 
be a good operating conditfon, but k t a  presented in the section of 
the present. paper entitled ':Schliekon Photographs" shm thet hI?c€t 
loesee occur shortly d t e r  the c r i t i c a l  speed is reached. These 
losses &e caused .by the strong- ahock wavee which extend completely 
acro88 t he  blsde pasae.450. 

Blahs s W l  is deffned as the condition a t  which no pressure is 
recovereti over the rear p r t  of the airfoil upper Burface anrl which 
indicates  separation. This stalling l a  indicated by a flat region 
on the -preEtmre-distrlbution a r v e e  md a point of lnf'lection on the 
pressure-ratfo curve diacuased in the sect ion  ent i t led "Pressure 
Ratio across the Cascade." For high angles 02 attack, at which a 
preseure peak OCCWB on .the upper mr face ,  the blade e a 1  may be 
divided in to  two categories: blades which a r e  loaded very highly 
atall because of the  increase .in Mach n u d e r  even before   c r i t i ca l  
speed ie reached (figs. 9, 17, 18, 19, 22, 28, 29, and 3O), and 
blades  loadeh.mre m2erately t+l;L a t  or s l igh t ly  above t he  c r i t i c a l  
speed. From these pressure distributiono, it l e  obvious that t h e  
least losses at very high Mach nurribers will be oblalned w i t h  a 
uniform-loa8. preasure distributton; that is, one with no velocity 
peak6 on either tlle'upger o r  lower surface. This conclusion ia 
verified by a study of t h e  pressure distribution at or near the 
design am&e of attack (table 6) at which there apoeara t o  be no 
stalling until Mach numbers from 0 .Og t o  0 -10 above the c r i t i c a l  
speed have been' reached. . , 

it ie interseting to note Ut the o c c m n c e  of a shock on the 
lower surface where the boundary layer is very thln 18 noticeable on 
the  pressure  distribution a8 a eharp break. On the tog M a c e ,  
however, where the boundary leyere m e  thick, the preesure rise 
acrose the ahock is dist r ibuted over a noticeable length of' the 
blade surface. 

. 
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In figure 31, in which t h e  sngle of attaok is much less than 'the 
design angle, small shook wave8 are  first noticeable dust behind the 
50-2ercent-chord skittion on the top surface. A8 soon as Maoh 
number io increased t o  the point at uhioh the 'W&VBB extend entirely 
8oross the passage between the blades, separation I s  noticeable and 
any addftional inorease in chamber pressure c a u ~ e 8  increased' ehwk 
strength aad separation, Once sonic velocities extend entirely aum88 
the passage, an inorease in Mach number i e  not possible. A few 
echlieren tests shaw an amwent imreass in Mach auniber above tbsa 
point, probablg due t o  flow around the ende of the oasoade uhioh are 
not yet choke&. Photographs whiah shaw such a phenamenon are there- 
fore noted with a question nark, At etn q l e  of attauk c?"ose to the 
design angle (fig.  32), the shock wave8 appear farther forward on the 
airfoi l  and separation is not apparent untila Maoh number of apprax% 
mately 0.03 above the previous o w e  is reaohed (table 6) If the 
angle of atteuk fs incre,ased further, the peak pmssures move oloser 
to the nose and the sep~~ration caused by the ehmk waves (fig. 33) 
f3tartS &t approximately the same Maoh number a8 in tine first case. 
At atill higher Emglea of s t t a o k  ( f ig ,  34) separation acaurs at a 
much'lmer Mach number. In th i s  oaae, t h e  shock wave8 never are 
omfined by the blades but extend aut into the  stream, the wave from 
one airfoil beccaning the bar-wave of the neighborfng airfoil. Them 
phencmena are repeated in the sohlieron photographe for the other  
C O I l f i g U r & t i o n S  wfth only slight variations in the 8hmk+&~e etructure .. 



stnce no such data were available 
investigatl.ons; The variation of 
shown f o r  4x0 cam8 in figure 51. 
blower blade, .p = 45O, and cr = 1.5) shows a m i c a 1  variation; the 
second curve (NACA 65(i2)10 blower blade, f3 = &lo, and. .a = 1.0) 
share ' t h e  maximu variation which was obtained ( 1'). These ??esults 
were obtdned. by photographing es tuft pl.aced i n  the air leaving the 
cascade. For both configurations, EL slight increase i n  t h e  turning 
rzagle w i t h '  Mach rimer occura up to the force break, above which there 
ie 6 abrupt. drop. Turning angles we- obtained for all the other 
b'lade sections and configurations for the  range of Mach nuMber 
inveetigated. I n .  all caaes, h Msah numbers of O.$ to fome 
break, the increase in turning angle ~ 8 8  less than 1 The turning 
angles pre,dicted from the law-speed 0aacad.e studiee of references 1 and 2 
am, +&erefore, sufficiently aacurate for t h e  desfgn of h i w p e e d  
blades. 

or . 

Sinoe the velocity of a o w d  of the entering flow i s  

and the enterlng Mach numbsr is 



9 

the tenrperature ratlo acroas the cascade is 

COB p ' - 
w1 COS (p - e)  . 

i f  it i.6 assumed "that the axial -mlocitg is conetant through the 
cascade. If it is further aseumd that no losses occur, the 
fsentropio relatiomhip of temperature an& pressures mzy be used t o  
obtain the follarLng re la , t ioa  fo r  the theoretical &atic-pressure 
rlse across'  the, cLzsca&e : 

' .  Y 

C r i t i c a l  S p e d  and Force Break 

The Mach nmibers for c r i t i c a l  speed and force break are' 
summarized in teble 6. For the blades *€ch were teated a t  more 
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than three angles of attack, the variation of Mach m e r  for 
c r i t i c a l  speed and force break w f t h  angle of attack are shown in 
figures 63 to 69 These curve8 show that the design  point chosen 
from the low-speed  cascade t e s t s  of references 1 and 2 ccrrespond 
very closely  to   the high-speed  design p i n t .  The design  points 
fall very close  to  the maximumMach nmker for critical speed and. 
force break. From the pressure distributions and pressure-ratio 
curveB, i t  appear8 that c r i t i c a l  .epsed, in  i t s e l f ,  3.e not an 
lmpcrtent  parameter  since no change Fn performme is noticeable 
u n t i l   f 9 r c e  break occuTa. 

Several theories exist which predic t   the   c r i t i ca l  speed of 
i ao la t e&  a i r fo i l s  f r o m  the l cw-aped pressure diatributions,  but 
no such thorny  is yet a-milable l o r  blades in  cascade. In   t he  
absence of any t heov ,  the experimental reyl9s were compared with 
those which would be ob"&ned if +&e von Kam-Tsien extrapolation 
w e r e  applied to  the low-speed gressure  Cistributlcm of the blade 
i n  caacade  based on entmme velocity. Tie c r i t i c a l  Mach number 
predicted by this method wae.consistently 4 to 5 percent below the 
measured value for all ,the 1G -percent-  thick bladea t ee t ed .   Shce  . 
no low-speed t e s t e  of t h e  6-percent-thick blower blades am yet 
available, the data on these blades are simply presanted and no 
attempt a t  analysia is &de. It. appoars, however, that the  decrease 
in airfoil  thickness from 10 percent t o  6 percent a l l o w s  an increase 
in Mach rrumber of about 3 t o  4 percent  for both crit ical  'speed and 
force break. 

The Mach numbera for force  break are approximately 16 percent 
higher than the c r l t i c a l  Mach number predicted by van && and 
Tsfen f o r  the teerts at a so l id i ty  of 1.5 and azproximatefg 13 per- 
cent  higher for tests at  a so l id i ty  of 1.0. These empirical relatiam 
were applied to  the preasqe distributione of reference 1 t o  obtain 
the Mach n u d e r   f o r   c r i t i c a l  s p e d  and force  break for a.l.1 "&e 
sections  teated. The results a re  presellted with the  design turning 
angle of the blade section in Tigure 70. For any desired turning 
w e ,  at&gger, &nd eolidity,  the blade section and w e  of a t tack  
can bo oltained fron'the  design  charta of references 1 and 2. 'Fig- 
ure 70 ?.hen be wed t o  predict  both t.he bhch number for c r i t i c a l  
speed en:: force b?ea?s. T1.lese resu l t s  .ake .d.irsctJ.y applicable cnly t~ 
E.'"CE. 63-series bl.r?wer b h d a s  in t h e  Rem0168 nmiber reage tes ted.  
Exten,jive G e r m  teats  (reference 4) have shown ,chat changes i n  
R e p o l &  n u d e r  gi-eater tkra 150,000 have small ef fec t  on the 
efficiencies and greasure rise. .It Beem frkely, therefore, that 
the results preeented herein are applicable to blades fn the *ole 
Regnalde n b e r  rFge  above , l ~ , , W O .  The extrapolation cf the low- 
speed rotor teat8 of reference 3 t,b a cO~llpre~sor stage operating 
below the Mach nurdber f o r  force  break with an efffciency of 90 percent 
indicates t ha t  p r e s w e  ratfoa of t,he oreer of 1.4 per stage should 
be obtainable. 
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It is recommended that further reaearch be carrted out to 
cover the range of Remolds nuniber belox 1~,000 and to check the 
values of Mach number for force break in high-speed ro to r  t es ts  

&”room the imestlgation of NACA 65-serLss blower blades in a 
high Mach nuniber two-dimensional a s c a d a  tUnr,el, the following 
conclusions have been reached: 

I. The turning anglee and design angles of attack found from 
low-speed cascade stui!ies may bB used directly in hfgh-speed designs 
since na significant changes were found at high Mach nunibera 

2. The Mach nunibem for cr i t ica l  speed a r e  4 to 5 percent 
greater than that predicted by the von ~&m&-~aien extrasohtIon 
Etpplied to the loy-speed pressure distribution. The Mach nunibem 
for force break are 16 percent higher than the predLcte& critic&. 
Mach rimer f o r  a so l id i t7  of 1.5 an12 13 percent Mgher f o r  a 
solidity of 1. .o . 

3. The extrapoletion of low-speed r o t o r  tests to a compressor 
stage operating below the Ikch n-er for force break with an 
efficiency of 9G percent i~Ucates a t  presaure ratfos of the  
order of 1.4 p r  stage should be obtafnable . 

4 .  S i a f i c a n t  increases in comgresaor performance can be 
made by the use of 6-percent-thick tip sec-tio~s since their 
Etllowble opemting Mach nmiber is 3 to 4 percent greater than the 
LO-percmt-thick blaaes . 
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1 Bogdonoff, Seymour M., and Bogdonoff, Eamiet E : Blade Design 
Data f o r  Axial-Flow Fane and Coarpresaors . HAC!? ACR No. LYOTa, 
1945 

2 Bogdnnof f , &ymur M . , and R~Bs, Eugene E. : ..?XIrtl-Flow Fan 
and Colnpresaor Blade Design hta at 52.5' Stagger and Further 
Verification of Cascade STZb by Rotor  Tests. NACA TN 
No . 1271, 1947. 
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&Blade stalled before o r i t i c a l  speed. was reaohed. 
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Fig. 2 NACA RM No. L7Dlla 

Chord line 
NACA 65-810 blower blade 

"""" 

Chord line 
NACA 65-806 blower blade 

"""" 

NACA 65-(12)io blower blade 

""""""" 

NACA 65-(12)06 blower blade 
Chord line 

"""" 

i' 

.. .- 

NACA 65-  ( 18) 10 blower blade Chord l ine 

NATIONAL ADVISORY 
COMMITTEE Foll AERONAUTICS 

Figure 2.- NACA 65-series blower blades   tes ted  a t  high 
Mach numbers. 



NACA RM No. L7Dlla Fig. 3 
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Fig. 4 NACA RM No. L7Dlla 
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NACA R,M No. L7Dlla Fig. 5 
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range of Mach numbers. Cpsoade of N0CA 65-810 
blorer blades; a = 10.00; p = boo; Q =  1.5. 



Fig. 6 NACA RM No. L7Dlla 
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NACA RM No. L7Dlla Fig. 7 
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Figure 12.- Sect ion  pressure  dlstritutlom for a 
range of llach numbers. Caaoade of BACA 65-806 
blower blades; a = lj.JO; p = 45'; cr = 1.5. 
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Figure 19.- Seotlon pressure biatritutiona for a range 
of Maoh numbers. oCascade or AACA 65-(12)10 blarer 
bladec; a = 19.2 ; p = 60'; u = 1.5. 
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Plgurm 22.- Sect ion  pressure dlatr lbut lons  for a range of 
mob nmtars. Ceacade,of NACA 65-(12)10 blower bladsa;  
a = 40; p = 6 0 0 ;  u = 1.0. 
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Flgurs 30.- Ssat lon preaaura dtstrlbutlona for a rungs o f  
Mnoh numbers. CasaPQ o f  EAUA 65-(18)10 blower blades; 
a = 26.50; B = 450; r= 1.5. 
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F i g u r e  31.- Schlieren photographs f o r  a r a n g e  
of Mach number. Cascade of NACA 65-810 
b l o w e r  b l a d e s :  a = 10.6"; B = 45'; = 1-5- 
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F i g u r e  32.- Schlieren photographs f o r  a range 
of Mach number. Cascade of NACA 65-810 
blower  blades; a = 12.5O: ,6 = 45': ff = 1.5. 
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F i g u r e  33.- S c h l i e r e n  photographe for a r a n g e  
o f  Mach number. C a s c a d e  of NACA 65-810 
b l o w e r   b l a d e s :  a = 15.6'; B = 45O; w = 1.5. 
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F i g u r e  34.- S c h l i e r e n  photographs f o r  a range 
of Mach number. Cascade o f  NACA 65-810 
b l o w e r  b l a d e s ;  a = 20.6O; ,8 = 4 5 O :  u = 1.5. 
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F i g u r e  35.- S c h l i e r e n  photographs f o r  a range 
o f  Mach number.  Cascade of NACA 65-810 
b l o w e r   b l a d e s ;  a = 10.5O: B = 60°; cr = 1.0. 
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F i g u r e   3 6 . -   S c h l i e r e n  photographs f o r  a range 
of Mach number. Cascade of NACA 65-810 
b lower   b l ades ;  a = 15.5O: B = 60°; CT = 1.0. 
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Figure  37.- S c h l i e r e n  photographs  for a range  
of Mach number. Cascade of NACA 65-806 
blower blades; a = 11.5O; /3 = 45O; u = 1.5. 
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Figure 38.- S c h l i e r e n  photographs for a r a n g e  
of Mach number.  Cascade of NACA 65-806 
blower b l a d e s :  a = 16.5O; f l  = 4 5 O ;  m = 1.5. 
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Figure 39. - S c h l i e r e n  photographs f o r  a r ange  
o f  Mach number. Cascade o f  NACA 654&0 
blower blades; a = 12.0°; p = 45'; = 1.5. 
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F i g u r e  40.- S c h l i e r e n  p h o t o g r a p h s  for a r a n g e  
o f  Mach number.   Cascade o f  NACA 6 5 - ( 1 2 ) 1 0  
b l o w e r   b l a d e s :  a = 14 .5O;  B = 4 5 0 ;  c = 1.5. 
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Figure 41. - S c h l i e r e n  photographs f o r  a r a n g e  
of Mach number. Cascade o f  NACA 65-(12)10 
b l o w e r   b l a d e s :  a = 17.0°; p = 45': = 1 - 5 -  
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F i g u r e  42.-  S c h l i e r e n   p h o t o g r a p h s  for a range 
of Mach number. Cascade of NACA 65-(12110 
b l o w e r   b l a d e s ;  a = 22.0°; = 45'; u = 1.5. 
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Figure 43.- S c h l i e r e n  photographs f o r  a range 
of Mach number. Cascade of N A C A  65-Ll2110 
blower b l a d e s ;  a = 15.2'; ,8 = 60°: cr = 1.5. 
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F i g u r e  44. -  S c h l i e r e n  photographs f o r  a range 
o f  Mach number. Cascade of NACA 65-(12106 
b lower   b l ades :  a = 12.5O; B = 45O; u = 1.5. 
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F i g u r e  45 . -  S c h l i e r e n  photographs for a r a n g e  
o f  Mach number. Cascade o f  NACA 65-(12)06 
blower b l a d e s ;  a = 15.0°; ,8 = 4 5 O ;  cr = 1.5. 
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F i g u r e  46.- Schlieren  photographs for a range 
of Mach number. Cascade of NACA 65-I12)06 
blower  blades: a = 1 7 . 5 O ;  B = 45': cr = 1.5. 
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Figure 4 7 . -  Schlieren photographs for  a range 
of Mach number. Cascade o f  NACA 65-(12)06 
blower  blades; a = 22.5'; = $5'; u = 1.5. 
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F i g u r e  48 . -  S c h l i e r e n   p h o t o g r a p h s  for a range  
of Mach number. Cascade ,of  NACA 65-(18)10 
blower  blades; a = 18.3; ,8 = 4 5 O ;  Q 1 . 5 -  



NACA RM No. L7Dlla Fig. 49 

E4 = 0 . 7 6  M = 0 .79  

"" 

M = 0.83 M = 0 .85  

Figure 4 9 . -  Schlieren  photographs  for a r a n g e  
o f  Mach number..Cascade o f  NACA 65-(18110 
blower  blades: a = 20.8O: p = 4 5 O :  ff = L 5 .  
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F i g u r e  50.- Schlieren photographs f o r  a range 
o f  Mach number. Cascade o f  NACA 65-(18)10 
blower blades; a = 23.3O; ,8 = 4 5 O ;  u = 1.5. 
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Figure 53.- Variation of statio-prsnnure ratlo mrom 
oascade with Maoh nunbar. UCA 65-810 blower bladenI 
a = 100; p E 600; r =  1.5. 
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Plgure 63,- Variation of %,, and with angle 
of attaok. Caseado o f  NACA 65-810 blower blades; 
p s 45% o F: 1.5. 
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Figure 65.- Variation of Mfi and &p with angle of 
attaok. Casoade of NACA 65-806 blower bladea; 
p = 450; Q = 1.5. 



Figure 66.- variation of h! and dth angle 
of attack. Cascade of 65-(12RO blower blades; 
p = 450: b =  1.5. 
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attm% Caacade of MICA 65-(12)06 blower blades; 
13 =45 ; Q =  1.5. 
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Figure 68.- Variation of Mfb and M,,, with angle 
of attack. Cascade of NACA 65-(12)06 blower 
blades; p = 600; 6 = 1.0. 
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